Abstract In this study, an optimisation of extraction of sulphur volatile compounds (SVCs) has been performed using Central Composite Design. The conditions of the highest amount of eluated peaks and total peaks area have been treated. Factors such as coating of fiber for SPME (Solid Phase Microextraction), extraction temperature and extraction time have been optimised. The SVCs have shown the optimal extraction using a DVB/CAR/PDMS (divinylbenzene/carboxen/polydimethylsiloxane) fiber at 73°C during 50 min. Furthermore, a pre-incubation step lasting 20 min at the extraction temperature has been used. In total, 12 samples have been investigated at the mentioned optimal conditions, eight from the Alliaceae and four from the Brassicaceae family. The highest number of SVCs (24) has been identified in the sample of chive. The most frequently identified compound found in 11 of 12 samples has been dimethyl trisulphide.
Introduction
The aroma of food is affected by various kinds of constituents, among which sulphur containing compounds are a significant group due to their abundance and aromatic impact. Sulphur is an essential element occurring particularly in two amino acids -cysteine and methionine. Decomposition products of those organic molecules are volatile hydride-and alkylsulphur constituents such as thiols, sulphides (disulphides, trisulphides etc.). In a trace level these compounds can be responsible for specific aroma causing odour problems such as pungency in eyes and nose (Lanzotti 2006) .
The SVCs have been examined in a quite wide scale of publications, especially in samples belonging to genus Allium. Numbers of methods have been used for isolation of these constituents from the samples. For example, liquid-liquid extraction (Yabuki et al. 2010) , hydrodistillation (CalvoGomez et al. 2004; Godevac et al. 2008) or ultrasonic assisted extraction methods (Kimbaris et al. 2006) were used. A lot of works focused on extraction of volatile compounds of onion and garlic using headspace solid phase microextraction (HS-SPME) (Colina-Coca et al. 2013; Jarvenpaa et al. 1998; Mondy et al. 2002; Teyssier et al. 2001) .
The SVCs might be also presented in family Brassicaceae. However, the volatile compounds have not been so commonly examined in this family. For instance volatiles of mustard were analysed using SPME (Brassica juncea (L.) Coss.) (Zhao et al. 2007 ) and hydrodistillation was used for radish aroma profile analysis (Blazevic and Mastelic 2009) .
Plants belonging to these two families are often edible and therefore are usually used in a cuisine all over the world, especially in the northern hemisphere. Lot of them are also known for having antimicrobial or anticancer effects. Furthermore, they are medicinal plants often used in both a folk medicine and a pharmaceutical industry (Lanzotti 2006; Yabuki et al. 2010) .
One of the methods for extraction of the SVCs is the abovementioned HS-SPME. It is a simple, inexpensive, relatively fast and easily automated method integrating sampling, extraction, pre-concentration and sample introduction into a single solvent-free step. However, SPME is quite sensitive to experimental conditions such as extraction time, heating temperature, sample volume, concentration, sample matrix and its uniformity, desorption conditions or choice of fiber (thickness and polarity) (Kumar et al. 2008; Mester and Sturgeon 2005; Qiu et al. 2014) .
The objective of the present investigation has been an optimisation of the extraction of the SVCs from chive in order to compare sulphur aroma profile of plants belonging to families Alliaceae and Brassicaceae. The automated HS-SPME has been used for the extaction. Separation, detection and identification have been carried out by gas chromatography/mass spectrometry system (GC-MS).
Materials and methods

Plant material
Ten various kinds of plants, in which sulphur volatile compounds were expected, have been purchased from a local market or cultivated by local growers. These plants belonging among vegetables and are often used as food or medicaments are listed in Table 1 . Regarding the sample of scallion two different parts -root and leaves -have been examined because both of them are edible and applicable in the cuisine. Otherwise, from the other samples, only roots have been analysed. Although, leaves are often also edible it is not so common to use them in the cuisine. All these plants grow in the Czech Republic and therefore all of the samples have Czech origin. Chemicals n-Alkane mixture standard solution (C8-C20) was purchased from Sigma-Aldrich (Prague, Czech Republic) in concentrations of 40 mg·l −1 dissolved in n-hexane.
Distilled water was purified using a SG Ultra Clear UV water purification system (SG, Hamburg, Germany).
Sample preparation
Fresh parts (leaves or roots) of the samples have been washed with purified water and diseased parts have been removed. After that the samples have been cut into small pieces and homogenised by dispersant Ultra Turrax DI 25 basic (IKA-WERKE, Staufen, Germany). A 0.5 g ±1 % of homogenised sample has been placed into 20 mL headspace vial and closed by a cap with a Teflon septum.
Experimental design
All statistical procedures have been performed using the Statistica CZ software, version 12 (StatSoft CR, Prague, Czech Republic).
A central composite design (CCD) approach has been used for modelling the obtained responses. Each parameter has been estimated at five levels, namely ±1, ±α, and one central point replicated twice.
Two extraction variables considered for this experiment were extraction temperature (X 1 with coded levels x 1 ) and extraction time (X 2 with coded levels x 2 ). Table 2 summarises the whole design consisted of 10 experimental points, which have been used to estimate effects of each factor on the extraction efficiency.
SPME equipment
In this study, three different fibers have been compared for their suitability and efficiency regarding the extraction of SVCs. Those were 85 μm Polyacrylate (PA); 75 μm Carboxen/Polydimethylsiloxane (CAR/PDMS); 50/30 μm StableFlex DVB/CAR/PDMS. SPME holder for an automatic sampling and all fibers were purchased from Supelco (Bellefonte, PA, USA). Before use, new SPME fibers were conditioned by heating in hot injection port of a gas chromatograph according to the producer's instructions. In addition, fibers were conditioned at 200°C for 2 min prior to each sample extraction.
Chromatographic analysis
A gas chromatograph, model GC-17A, coupled with mass spectrometry detector QP 5050A (Shimadzu, Kyoto, Japan) and PAL-Combi auto-sampler (CTC Analytics AG, Zwingen, Switzerland) equipped with an auto-sampling device for SPME, a device for conditioning and agitating of the vial with the sample. Injections have been performed in split mode 1:5. The GC-MS system has been equipped with a capillary column SLB-5 ms with length 30 m, 0.25 mm inner diameter and 0.25 μm film thickness (J&W Scientific, Folsom, CA, USA). Helium 5.0 (Linde Gas a.s., Prague, Czech Republic) was used as the carrier gas at a constant linear velocity of 30 cm/s. The injector and the interface temperature were maintained at 250°C. The column temperature has been programmed as follows: the initial temperature was 55°C (4 min) then increased at a rate of 6.5°C/min up to 250°C (2 min). The mass spectrometer was operated in the full scan mode over a mass range of m/z 45-500 and in the electron ionization (EI) mode (70 eV). The linear retention indices (RI) were calculated for a homologous series of n-alkanes (C8-C20) injected under the same GC-MS conditions. The SVCs have been identified by comparing the results obtained with the reference mass spectra from the NIST library using the criterion at least 85 % similarity for the mass spectra and by comparing with linear retention index (if available).
Results and discussion
Firstly, an optimisation procedure for HS-SPME method has been carried out. The optimisation was composed of examination of SPME fiber, extraction temperature and extraction time. The experiments were evaluated by the number of peaks and the sum of all peak areas detected during analysis.
Optimisation of extraction
Selection of SPME fiber
Commercially available fibers are coated with a polymeric film that could have different thickness and polarity. The thickness of the film affects both the equilibrium time and sensitivity of the method. More effective extraction is carried out with a thicker fiber coating due to its capacity and transfer into the GC injector without losses. Also, the thicker fibers should be used for analytes with a low molecular weight because of easy migration of the analytes. On the other hand, the thinner fibers are able to extract and desorb compounds with a high boiling point and a mass weight in relatively short times and at high temperatures (Otles et al. 2009; Pawliszyn 2011; Wardencki et al. 2004) . Three different SPME fibers (see 2.5) have been examined in the present study in order to find the optimal one for the extraction of the SVCs according to the stationary phases of individual fibres, producer's recommendations (Sigma-Aldrich 2014) and literature (Jirovetz et al. 2002) . The comparison has been performed at temperatures 50, 60 and 70°C for 30, 40 and 50 min. For this evaluation sample of chive was used. Total peaks area (TPA) and number of peaks (NoP) in chromatograms were used for determination of the suitability of individual fibers. Table 3 shows results of tested SPME fibers for extracting volatiles compounds from the sample of chive. It is clear that analysis with DVB/CAR/PDMS fiber has given higher total signal and higher number of peaks in chromatograms than the other examined fibres and this is also applicable for sulphur compounds identified in individual chromatograms. Therefore, DVB/CAR/PDMS fiber has been chosen as the optimal for the extraction of the SVCs in the mentioned real sample. Furthermore, on average about 20 % of all peaks in chromatograms have been sulphur compounds and this has been similar for all three examined fibers. The average relative peak area of SVCs has ranged from 60 % (75 μm CAR/PDMS fiber) via 68 % (50/30 μm DVB/CAR/PDMS fiber) to 69 % (85 μm PA fiber).
Statistical evaluation of SPME
Design of experiments has covered 10 experiments for DVB/ CAR/PDMS fiber in the temperature range from 46 (−α) to 74 (+α)°C and the extraction time from 26 (−α) to 54 (+α) minutes, while pre-incubation time has been maintained constant at the temperature of the extraction for 20 min. All the optimisation experiments have been performed with the sample of chive. In the statistical software Statistica 12 there are options to build different polynomial models which refer to a linear modelling and second-order modelling. Second-order modelling provides models which have advantages in better predictions of response. Thus, the second-ordered polynomial equations have been constructed for the response variables (total peaks area (TPA) and number of peaks (NoP)) related to the experimental conditions, i. e. Eq. (1) for TPA and Eq. (2) for NoP.
NoP ¼ 9:91 þ 1:94X 1 þ 1:81X 2 −0:005X
where X 1 is extraction temperature (°C), and X 2 is extraction time (min). The significant factors (p-value less than 0.05 at confidence level 95 %) of the equations were the linear terms of the extraction temperature and extraction time (Eq. (1)), and linear term of the extraction temperature (Eq. (2)). All these factors had positive effects on response variables. The experimental values correlate well with the values predicted by the models (shown in Table 2 ). The square roots of the determination coefficient of the models (R 2 ) with linear terms, quadratic terms, and interaction between linear terms were 0.9521 for TPA and 0.8198 for NoP. R 2 considering only linear effects in the model was 0.8962 for TPA and 0.7748 for NoP, and increases to 0.9495 for TPA and 0.7783 for NoP with introduction of quadratic terms.
The response surfaces obtained by displaying Eqs.
(1) and (2) in three-dimensional plots are presented in the Fig. 1a for TPA, and 1b for NoP. Each of graphs represents dependency of the response variables on independent variables. The effects of parameters on the TPA and NoP and interaction between them can be estimated from the biaxial contour plot in the base of three-dimensional plot and from the shape of threedimensional surface, and it can be noted that both independent variables have similar effects on TPA and NoP. Dark colour indicates increase of TPA (Fig. 1a) and NoP (Fig. 1b) and surroundings of optimum conditions. White points on the surface of three-dimensional plots show areas of individual models. In the case of TPA, critical values of independent variables lie within inside appropriate model, and on the border conditions in the case of NoP.
Response surface models ( Fig. 1a and b) provide similar critical values of independent variables in maximum of threedimensional plots in ranges 73-74°C and 50-56 min. Therefore, we decided to use critical values of TPA model (73°C, 50 min) as optimum extraction conditions due higher square root of the determination coefficient of the model (R2= 0.9521). This value indicates, that less than 5 % of the total variations could not be explained by the model.
Analysis of real samples and identification of SVCs
As it is obvious in the Table 4 , in a half of the samples (6) the SVCs constitute majority of the aroma profiles (more than 50 % relative area (to the total area)). Those are chive (61.98 %), shallot (53.24 %), garlic (66.31 %), leek (66.11 %), scallion leaves -sample 2 (61.58 %) and horseradish (95.05 %).
Totally, in this work 50 SVCs have been identified at least in one of the samples. The most common identified compounds have been dimethyl trisulphide that occurred in all samples except horseradish, and dimethyl disulphide found in 10 samples. These constituents are typical representatives of sulphur containing plants which have been published in quiet wide numbers of research that deal with aroma profiles of those plants (Colina-Coca et al. 2013; Jabalpurwala et al. 2010; Jirovetz et al. 2002; Ma et al. 2011; Yabuki et al. 2010) . The other very often identified compounds have been methyl trans-1-propenyl disulphide and methyl trans-1-propenyl trisulphide found in 9 samples (see Table 4 ). 
Alliaceae family
Eight of all the examined samples belong to the Alliaceae family (see Table 1 ). The aroma profile of this family has been observed in a wide scale of publications. For instance, volatiles of chive were extracted from headspace and then analysed by gas chromatography (Mann et al. 2011 ). Nevertheless, only 5 SVCs were identified. Those were four variously substituted disulphides, and dimethyl thiophene. On the other hand, in another publication, the SVCs were extracted from Chinese chive (Allium tuberosum Rottler) by diethyl ether and subsequently analysed by GC-MS (Yabuki et al. 2010 ). In total, 11 compounds were identified, mostly sulphides. None of the authors mentioned percentage of individual SVCs. In the present research 24 SVCs were identified, eight of them are in compliance with one or both mentioned publications. The most abundant SVC has been dimethyl trisulphide (10.49 %). Onion and garlic are quite often examined matrixes, particularly due to their world-wide cuisine utilisation. For instance, volatile compounds of processed onion were analysed by headspace gas chromatography-mass spectrometry (HS-GC-MS) (Colina-Coca et al. 2013) . In that work it was able to identify 18 volatile compounds, 12 of them were SVCs. The most dominant SVC was dipropyl disulphide (48 %). In comparison to the present work, 17 SVCs were identified and 8 of them are in compliance with the research referred by Colina-Coca. The most abundant SVCs were methyl trans-1-propenyl trisulphide (8.72 %) and dimethyl tetrasulphide (8.62 %).
Another work dealt with comparing distillation and ultrasonic assisted extraction methods for isolation of volatiles contained in garlic followed by GC-MS (Kimbaris et al. 2006) . In total, 30 volatile components were identified at least by one method. Sulphur was contained in 27 of them, the vast majority were sulphides. The most abundant SVCs were diallyl disulphide (28.4 %) and diallyl trisulphide (20.4 %). In the present work, 21 SVCs were identified, also mostly sulphides. Although 11 SVCs were identified as the same in both, the present and Kimbaris's, research, Kimbaris did not refer any isothiocyanate. In the present work 2 isothiocyanates were identified.
An enzyme-assisted extraction for examination of quality of garlic volatile oil was used (Sowbhagya et al. 2009 ). In this type of extraction enzymes were applied to garlic prior to steam distillation/hydrodistillation. The analysis of volatile compounds was performed using GS-MS. Ileven SVCs were identified, none isothiocyanate. Eight of them are in compliance with the present research. Furthermore, the most abundant SVC was di-2-propenyl trisulphide that generated about 50 % of total odour in the present and also in Sowbhagya's research.
There are not many works dealing with the aroma profile of shallot, leek and scallion. The first named plant or its organosulphides, respectively, were examined in a recent work by Tocmo. (Tocmo et al. 2014) . Shallot was studied as a potential dietary source of organic polysulphides. Shallot oil was obtained and subsequently compared using two different extraction methods, hydrodistillation and extraction using anhydrous diethyl ether. The second one showed better results related to the number of eluted peaks. In total, 19 volatile compounds were identified, from which 14 were SVCs. Six of them are in compliance with the present work where 19 SVCs were identified. As was expected, the most dominant SVCs were the same as in the sample of onion; dimethyl tetrasulphide (13.19 %) and methyl trans-1-propenyl trisulphide (11.03 %).
Aroma profile of leek was studied by GC-MS (Schreyen et al. 1976 ). In total, 67 compounds were observed in leek essential oil and 22 of them were SVCs (particularly sulphides, thiophene derivatives and thiols). In comparison to the present work, 21 SVCs were identified; seven are in compliance with Schreyen's work. The most abundant compound was dipropyl disulphide (21.21 %).
None research concerning the aroma profile of scallion have been available. In the present work, two samples of scallion were compared. From one of them (sample 1) both parts, root and leaves, and from the other one (sample 2) only leaves were examined. Sample 1 was purchased from a local market while sample 2 was harvested by a local grower. As is seen in the table 4, sample 2 contained more SVCs (17) than root (14) or leaves (12) of the sample 1. This could be caused particularly by different growing conditions. With regard to the occurrence of the observed volatile constituents this family has given various results. In the sample of broccoli only three SVCs were identified. Those were sulphide components, namely dimethyl sulphide (2.59 %), dimethyl disulphide (1.48 %) and dimethyl trisulphide (2.12 %). As is obvious, in this sample SVCs generate only approximately 5 % of total aroma. Those three sulphides were identified also in the work of Vidal-Aragon (Vidal-Aragon et al. 2009 ) where aromatic compounds of seven broccoli cultivars were analysed by an automatic headspace analyser. In total, there were identified 45 constituents from which eight belong to the SVCs. The most abundant SVCs were dimethyl disulphide and methanethiol. Nevertheless, Vidal-Aragon figured out that in 5 cultivars the SVCs formed major aroma profile (more than 50 % of total aroma). Regarding the fact, the sample of broccoli tested in the present work contained only 5 % of SVCs, it could origin from the Parthenon cultivar (19 % of SVCs, according to the work of Aragon).
Volatile compounds of kohlrabi were extracted with modified Likens and Nickerson apparatus using triply distilled 2-methylbutane (MacLeod and MacLeod 1990). The extracts were subsequently analysed by GC-MS. According to that work, the SVCs provided a high proportion of kohlrabi volatiles (about 37 % w/w). In total, 16 SVCs were identified. The major compound was dimethyl trisulphide (25 % w/w). In the present work, 17 SVCs were identified. The most abundant was dimethyl tetrasulphide (14.58 %), while dimethyl trisulphide generated only 6.32 % of the total aroma. However, only six SVCs were identified as the same in both, the present and the mentioned research.
Hydrodistillation in a Clevenger-type apparatus was used for the extraction of volatile compounds in three kinds of radish (Blazevic and Mastelic 2009) . The subsequent analysis was carried out using GC-MS system. The SVCs formed 32.6 % of black, 36.9 % of white and 20.5 % of total aroma of red radish. Furthermore, in total 15 SVCs were identified at least in one of the samples. Those were 10 isothiocyanates, 3 sulphides and 2 others. The major SVC was 4-(methylthio)butyl isothiocyanates in all samples. In the present research, nine SVCs were identified, mostly sulphides. The most dominant SVCs were methyl-1-propenyl sulphide (19.06 %) and dimethyl trisulphide (9.16 %).
Horseradish is a plant with very strong odour. In a recent work of Tomsone, SPME (PDMS/CAR/DVB fiber was chosen) in connection with GC-MS was employed for extraction and analysis of volatile compounds of horseradish (Tomsone et al. 2013) . According to that research, horseradish contains 0.2-1.0 % of essential oil composed mainly of allylisothiocyanate and diallylsulphide. In total, there were identified 9 SVCs from which allylisothiocyanate was the most abundant constituent (64-82 %). In the present research, 13 SVCs were identified and moreover these compounds generated more than 95 % of the total aroma of horseradish. The most dominant SVCs were 2-phenethylisothiocyanate (70.19 %) and dimethyl disulphide (19.06 %). Seven SVCs are in compliance with the work of Tomsone.
Conclusion
The HS-SPME coupled with GC-MS is a rapid, simple, sensitive and solventless method. Results presented in this work show that the both Alliaceae and Brassicaceae families include relatively wide range aroma profiling compounds. For the extraction of sulphur volatile compounds the optimisation using Central Composite Design has been carried out. The sulphur volatile compounds of 12 real samples (8 from the Alliaceae and 4 from the Brassicaceae family) have been extracted using a DVB/CAR/PDMS fiber that has shown the best efficiency for the extraction of those compounds. The optimal conditions have been 73°C and 50 min (see Fig. 1 ). The highest number of sulphur constituents has been identified in the sample of chive (24); on the other hand, the least number of those compounds has been identified in broccoli (3). In the half of the samples, sulphur volatile compounds have constituted more that 50 % of total aroma profile.
